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Abstract of TW499397B 

This invention provides a novel manufacture method of LiMn204 powder 
for positive electrode material of secondary lithium battery, in which a 
citrate gelation method is employed to prepare powder using lithium 
nitrate and manganese nitrate as initiators, and citric acid as chelating 
agent, and ethyl diamine to adjust pH value to 6-7 for the formation of 
organic ammonium salt to facilitate solution gelating. The above- 
mentioned gel is thermally decomposed to remove organic compound and 
sintered for 24 hours at 300 DEG C and 800 DEG C, respectively; during 
the sintering process, oxygen is introduced to form the LiMn204 powder 
with a full spinel structure, to have no impurity present and to exhibit 
homogeneous particle size distribution and good crystallinity, unlike the 
product from conventional solid reaction method which has disadvantages 
such as no homogeneous particle size distribution, requiring high sintering 
temperature, using heterogeneous reaction and poor control of Li/Mn 
molar ratio. The inventive method can produce powder with fine and 
uniform particle size at low temperature and in single phase and is 
suitable for mass production and thus has great application value for 
industry. 
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*M.»^ia;?J tSl®5^#J¥^ ( CNS ) A4*t^ ( 210X2974^^^^ ) 
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- i& ^ it — ^ 41 
LiMn204 ^ ^ ^ ^ 
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4^#H«75Bfl;f^-^IS^it — LiMn204 

^ 41 ;SL >eg ^ 5i ^ ♦ 4? # ^ II ^ #J ' # — ^ 
^4l^it'tpH'fl5.6-7 ' ^ ' ^^'J;5^^§l>i^a 

800'C ^m^^^24'b ' il ;^ # #1 t ia ^ #L ^ ' ^ # i:, 
A^i^A^!^^^ (Spinel).** ^ ^ LiMn204 ^ ' JL ^ ^ ^ 

If # ' JL ^ ji- a ^ ^ ^ ^ 8% -e^ ^ # » ^ 
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ififfl + a ® (CNS)A4 (210 x 297 '/i-^l ) 
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i - ^mn.m ( i ) 

# ^ 

m m^-mmM.ik^^kM't'}hjLJhi:^^s?i LiMn204 ^ 

m.m M j^^'}^ ' ^/f # ^ *^ n * *A a ^ ^ ^ ^ B% 'i± ^ 

^ (PDA) ... ' ^ ^ ^ ^ M ^ 'h 1$- ^ M. ' ^mn: 
M. ^ ^ m m ^ m, — t » M^Jkit^-^i^^^tAi^^M,^ 

M 'fi i ^ ^ # • 

' it^^^^i^i^Mi^:^^^ " yfh Ss. m ^ ^ ^ 
v«fe.jE.*fe#iM- • LiCoOz #s - LiNiOz A LiMn204 M ♦ 

^fH^ ^ ^ - ^ :SL ^ ^ iff, ^ ' U-^^t-^^A^A^M-'T^ 

# LiMn204 ^lt;l:»':t©.^>S.>t/*-^'^^ ' » 
iH- ^ |5] ' ^ ^fe H% ;5 # # >t. 53^ 1^ ^ |sj ; ifh 

a ^ 'h (particle size) ' ^ m ^ ' # ^ ' ^ ^ 

m ^ ^ LiMn204 *^ft^a^^^^i^ ^ ^ m & Jt ^ ( t 

650 ~ 700 'C »'X Ji ) Li / Mn H :^ 1^ tb ^ ;f: ^ ^ ^ ,1^ . ^ It 
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jL ^ mHn.m ( 2 ) 

jtb LiMn204 ^fkAj^^U^^iS.m^^^^'^'?iL^t;'\±ML^ 
HE ^ :k. ' 

^ n y:^ ±^W^ ' t 'Ui ^ ^ - ^ ^ f)^ ^ 4- is- >^ » ifii oHi 

# ^ ijL 

LiMn204 m:^^7T'}i: ' ^^^m^-^^t^^^f ' 4$ y:^ Zj 

^ ' 300 - 800°C ^^^^^^.^^k ' ^ A $L-»^ 

LiMn204 ^ ^ " 

^ m ^ iiL 4- y:f> m M K M m ^ ^ LiMn204 ife^ It a 

^ :^ iit} 4^ ^ • M.M.-^^^t.'&T^'A^^^^k^^H^ 
^ ^ IL ^ {>(] LiMn204 ^ f§. ' iLS^itB#75;5fi^>fetit# ' 

m m ^i^m 

m 3 '^i ^ ^ ^ ^ m ^ n ^ ^ ^ ^ ^ m 

t^^^#^^^llt^##^^^^tbAl: 0.55 ) ; 

m 4 ^\ ^ ^ ^ t ^ H I ^ n m ^ m ^ m ^M.^!^ ^ m 
^ ^ ^ ^ ^ m 24 'b • ^M#Bi$^'i:^(^^St^^# 
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m 5 m i't ^ t 2 ^ n m ^ m m ^ m 

^ S H a a T )^ 24 <J^ B# ^ X Tfe .^A # it, it 15 ( ^ t 4g ^ 
IS 6 ^'J ^ m 4* l=b ^ ^ 2 4^ ^ ^ .^S ^ ^ ^4 ;f I5J 



^ l& tb 1 : 1 ) ; 

P 7 ^ m ^ 4^ # 1r ^ ^'J # ^ ^ M ft ^ ;f IS) 

ffi ^ a #L a a T :^ 24 /Jn B# X tId # ^ it ffl ( ^ t ^ 

a >t. ^ ^ ^ ^ ^ T 24 'J- B# . * M # BJ^ ^ t ^ (l§ -^St ^ 

^ ^ ^ tb 1 : 1 ) ; yy, :SL 

m 9H if^ 4^ # H« t^b ^ ^ H yj^ ^ ^ ^ m t//f ^ ^ 

^.J ^ ^ t& ^ ^ 5^ a >t. ® ' * t (a) # 4|t tb |1 it iHS. n 

tb ^ 1 : 0.55 ) : (b) # m 4t tb ^ * ;5fe ^.J 2 » * :f^ ^ ^ ^ T 

( ^ ^ ^ ^ ^ ^ 1^ # =^ ^ ^ ^ ^ l^b ^ 1 : 1 ) ; *a A (c) #, 

^j^H^Jfettb^l:!) • 

^^mm.^-'^i^^ii^^t.'i^SLiSL^^^ LiMn204 
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(II) >^iv - i^^m ^i^^^f^^ ' 

(III) j^;&o;r^ii&-J-ttj|^>^t>i*i^^^i&-^pH'fl ' 



(IV) ' ^^^Wim-^m^ J 

(V) ;6a^i'X^id-/*Ft|[^Jf--^^^ ' ^ A LiMn204 ^ ^ ^ m 

(VI) ;^fLa^^T*I.M^ LiMn204 i^;*-"^^^ ' ^ A 
— ;Jt^tv&iE.^##f^ LiMn204 *^ - 

' ^ ^ ^ ^ sl ^ 3. m ^ m. m ' 

^ ^ >^ 6^ #i ^ 7jc o ^ , 41 1-;^ ;5L ^ 60 'ft ^M? -tt"^ 

Jk I ' i.B s. 1:2.2 ^ m 'M^^^m^-^^^^'^^m 

t ' is. ^ ^ yyt. :SL ^ 'it ^ i»> ^ i$ ik M (LiNO,) y:JL JSLXH 
SkS^U. (Mn(N03)2) ^J<- ^ • 

- • ^ ^ n ^ ^ m m ^ ^ ^ m.^ 
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i - m^ttm ( 5 ) 

pH^^$ >fi-:s^5.0 S.8.0^m ' ^ ^ :^ ^$ ^ ^ 6.0 S. 7.0 ^ m • 

Jt i^] ± A ^f^M m ^ - ^ m ^ik^ 0. i;^ M: M.SO 

4k ^ » -^p^^it^^/l^^^/f-^^l^ ' jlJL^^jsSL LiMn204 

o ^ - zf^if] . ;6o ^ ^ ^ ;lf a: Jf - ^ ^ 

5. 280''C ^ 400''C -4:. m • 

' :*^^^?L^^T^fe#^ LiMn204 ^ i^-^ " 
>t. # ^ 300°C 3. SOO^C -t, ftl » ^ m ^ 2 ^ 48 .J^ B# ^ 

mU^^ LiMn204 ' ^ :4. MnsOa ' •'ni^^^^ 

LiMn204 ' JL^^^a^^iB^l^i^^ . ^*fcn^:5^t;>^^^i^ 

>a T ( 300 - 800°C )^ ^ LiMn204 ^ ^ - 

l^b M ^ ;sfe ^'J 1 r 4? ^ ^ ^ JB^ v^- ^ ^ LiMn,04 ^ > ^ ^ 

jgi. ^. -F J^. M r ^ ^ ^ ^ ^ ^ ;^ ;ft S & 1 : 0.55 ^ 1 



^ M ^ 2.28 ^ LiNOa 16.7 ^ Mn(N03)2 
^^1:2) ' 40mL 7jct^#^^i^/^ 
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1 1.6 ^ -fit ^ #J . # ^ ^ /5f >a . >i< ^ — ^ ^ ^1? pH 

<Il 6.0 - 7.0 ♦ ^ ^ 110 ~ 120 'C ;6n ^ 1^ 

?J<. ' .?o^;Al-^?i^^J^-^^4^; (Gel precursor) « «^ 
^ ^ ;5^ SOO'C ^^0Lt^i^^2'hfi^y:fsf^^^m.^ • :#^T^ 
^ ^ >0 ^ i:- $ ^ H ^ t • ^ ;5'J i-X # ^ ^ 5°C ii- 
300 - 500 > 650 - 800°C ^1. # 24 » m ^ ^ ^ 5'C '4^ ^ 

S. ^ ' ^^::fm'&^m^^^ LiMn204 # tl • 

# 4l ;jM lO'C ^i^^m^A'^mnm^4L^.i^^7}c^i^^^ 
m ^ ' ^ :5^ ^ # B% ^JCii^ JE ^ ;y ^ ^ , St i^. ^ M # 
' ;>l:*i:^;*o^A;jf 100 "C ' ifij 280 - 340''C ^ ^ ^ ^ 5^ 

a ' *^ 280"C J. 400*'C ^^#Lt^^;^2.J^Bt . :fl6^^E^^;r 

m 3 A ^ m ^k^n m ^ T> m ± k 0L ^ 
m 24 'h ^ ifk. M ^ n m • ^itt^i^^^^Mm^v^^ 

^ a T ' Bt ^ ^fe ffi >t. 6^ ^ ;^ ' ^ m ^ >)± it> n f>(j 
ijx, ' ^s.:^ 500°C B# ' ^ J. 4^ # MnaOa 4l ^ f # ^ o 

24 'J- B# ^ # ^ t ^ ^ f> fls >t ° * jlb © T ' m 
^ A LiMh204 m^M^m^^^^^^m ' iL^^^a^Bt)^.^ 

l=b M ^ ife ^'J 2 r ^ ^ tj jj^ ^ ^ LiMn2 0 4 ^ ^ ' is^ ± ^ 

jgt. ^. -F J^. M r ^ ;a M ^ ^ :^ ^ );b ^ ^ :^ jfej^ 1 : m 
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3Eu > -f^B^I^B^ ( 7 ) 

^ ;5'J ^ 1.00 A LiNOa A 7.28 ^ Mn(N03)2 ' 4H2O ( Li : Mn ^ 
IS: A 1:2) » ;^MOmL 7jc t ^ # >^ ^ ^ ' # ;6a ^ # =^ ^ 

9. 13 ;t m A # #J ' ^ 1^ >$■ m -'^ ^ ' y:^ ^ m m ^ pH 

m 5. 6.0 - 7.0 ' # ^ >^ *a >^ }^ 1 10 ~ 120 °C ;^ ^ 

7jc ' ifh^A^mt^}!^t^m^ ' :!)$t^a:if-«t^*b;yf soot 

^ ^ #L ^ ^ t ' ^ ;5'J i-X # ^ ^ 5'C f)- a 300 - 500 - 

650 - soo'c 3t|. # 24 B# ' m^yy^^'^^sv >^^P ' .Si 

LiMn204 # IS - . 

4t Tfe. It li - ^^'^s^^^^^nm^^ 5oo°c ^ ^ n ^ a t 

5^ 24 'J^ ' ^ M. ^ ^ ^ MnaOa ^"T^-^ ' -fS^H:^ 

24 'j^ ^ # ffis ^ ^ -^s: m )i ' iib ffl -sf ' m 

^ A LiMn204 ^^M-^m^^SL^^M ' -H.^*i^t#^^%# 
^ ^ m in> iff, - 

afl -gL ^ :5fe ^'J r 4^ ^ ^ M >^ ^ ^ LiMno O a l» » 
Jt. Ji. ^. -F M f ^ >! ^ ^ ^ & ;tg ^ ^ ^ :^ ^ 1 : m 
^ ;5'J ^ 1.00 LiNOa >3L 7.30 Mn(N03)2 ' 4H2O ( Li : Mn ^ 
^ ifc 1 : 2 ) ' lOmL 7jct^#^^i^/5^^^ ' #*t.^##^ 
9. 15 it ^iSfc A # #J ' # ^ ^ >^ ^1. ' ♦'X — ^ 1^ ^ pH 

-fi J. 6.0 - 7.0 ^£ ' ^ ^R. >^ >§- 110- 120 "C ^ 1^ 

7j<. ' flQ^^^:f^e,^;f-tr^4^ ' :^l$^'^Jf•■^^^:5^ 3oor ^ 
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i - ^mn.m ( s ) 

^ Ml ^ m 2 'h yy. M ^ ' ^ ^ n m ^ ^ B 

^ H a. ^ ^ t ' ^ ;5'J ^-X # ^ ^ 5°C ff- ffl 300 - 500 - 

650 ^ 800°C ;^ # 24 'J^ ' m ^ yl^ ^ ^ 5''Q }^ ^? M. :k ' 
^^m&S^m^^^ LiMn204 # M - 

.^t 24 >h ^ M n m - ^^tt^^^^^^Mm^^M^^ 

m'^^^^M.0L^T^^^ ' ^.-^ ^ ^ ^ 'A ^ :s m 

LiMn204 ^ ^ ♦ ifhM^1^^'^^>^ • JLfii^)fc|..«*jS.>t6^^ 

^^nUry^m^A^ LiMn204 M.m^±^ ' JL:^;<t?i^^ • 
^'h ^ ^HS *i ^ #i a ^ tb #i ^ ;5fe ^'J 1 # 2 # T -4 'J^ " 

A I: 0.55 ) ; (b) ^ S a ^ a T i# ( ^ >© ^ 

(^>isl^^^:^#:|l^#^^^^*ttbi|>l:l)- i^(a)A(b)J:b 
jfe -sp ^ LiMn204 3)!^^i::*.a7^ftt#^^^;&a:i:it;&orf5iti;. ' 
itbia^Pp:5^a:;f-tBt#=ffSS.^^it;&a ' ^ ^ ^ ^ >b m ^± ^ 
LiMn204 ^ ^ - A.i'l^m.'^^^ iSu ^^i^ ' i^^lt^;^t&^^ 

.Jn . «s *i A • .flj ^ (b) (c) tb ^ -g- ^ i^ ^ mi ^ # 

B# ' -g- it LiMn204 ' ^p-^^^^M^ 

LiMn204 ^ • 
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4'tlk,ihK&i&^ + 63 ® (CNS)A4 /ii^S- (210 x 297 ) 



^ ^ ^ ^ ^l 
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B7 



1 : 1 



^'J a: Jf- ^ ^ " itb a: /If; SOCC ^ ^ t ^ ^ /I 
' -g- 300 - SOO^C 4l ^ t ^ ^ -1^ - #a # fSI *i M 
LiMn204 3^ - 

^ ;^ -g- ji/f ^ ^ ;5r /i- » "g- 1^ ^ ^(fc ;f B 'fg, iS. 
^ — ;N .«wJLi^| ^^^^i^E6<; LiMn204 It ' HI ^ 

B« 4l * it ^ M 1^ l« 8^ Ji ' t 
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4^«.5ft/?.^ififfl t @ 0 (CNS)A4 (210 x 297 ^H-l^. ) 



1 



^ ;^ 



A8 
B8 
C8 
D8 



1. - ^^it^/iL4£tviLit;{S##)-4L LiMn204 ^ * ' 

^ ^ ^ T ?'J # JIS; : 

(I) 41: 'ft^ - & -I- 41 'fb ^ 4^ .S. ^ 'fb 4^ ii: >fe ; 

(II) i^iv - ^^m^m^-y^i' ; 

(III) >^;fta^4^4gf^^ii:^t • M ^ ^ pH iM. » 'fit^ 
^ ^ ;^ |g il: >^ ; 

(IV) *T#r^^^M^>^ ' ^^ilMi^-^^i^ ; 

(V) iivi^yj.^^^-mm.:^Mm^ » LiMn204 ^ ^-^m 
^ ; 

(VI) ^^ik^T ^^i^ LiMn204 ^^-^^^^ • ^ ^yf^ 

LiMn204 ^ ^ » 

it IJ 41 6^; ^ ^ m ^ ^ M m ^ ^ - 

3. t 4- ^'J @ ^ 1 ^ ^ :^ ' ^ t # «S (I) t ^ ^ 

4. ^ t # ^'J *B SI ^ 1 ^ ^i- ' ^ t ^ (I) t ^ 4l 
'fb ^-X .3L ^ 'fb ife 6<j ^ A 6<j H :f IS: Jt. A 1 : 1.8 5. 
1 : 2.2 » 

5. ;f&^t^*^»J$Bil^l'^^;5r?^ . ^ti^#«g (II) t ^ IS- 

6. t ^ 4 ^'J Ib III ^ 1 ^ ^ ^ ' ^ t i^ # 1$ (II) t ^ H 
#J A # # ^ - 

4^ ^ 41^ ^ ^ ^IK: A 1 : 1 • 
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tSISl3S^*!^2<^ (CNS)A4<US-( 210X297/>ft ) 



A8 
B8 
C8 
D8 

8. il^ f n 4- ^'i $1 m ^ 1 ^ ^ yi: ' ^ ^ (III) t ^ 

9. ^ n ^ m $i m ^ I ^ :^ • ^ t i^ # ^ (III) t 
>^ 4:^ pH -fJL ^ ^ ^ 5.0 ^ 8.0 - 

10. ;fiL t ^iIIb ® ^ 1 ^ ^ /i- ' ^ t # JSP (III) t 
>^ pH m ^ 5. 6.0 J. 7.0 ^ Ife^ » 

U. ;JiL^ttf-#-*'Jifeffl^l^^^>*- ' ^ ^ m (IV) t # 

12. 4|t t ^ 4- #'J I& IS ^ 11 ^ 4^ :^ ' ^ t # (IV) f # 
*»^^^;^Si$^>^S- see 5. 140°C ^ f^g - 

13. ^g. ti: t 4 #'J le. ® ^ 1 ^ ' * t # 4S (V) t ^» ^ 
vX^t^^^^^J^-^^i^^^iSL;! 280°C ^ 400''C T it 4f - 

14. ^ t 4 ^'J 4a ® ^ 1 ^ ^ >*■ ' ^ t # «S (VI) t )^ 
6^ ffi >t. #. <^ 300°C ^ SOO^C ffe^ • 

15. t tt- #'J Is ® ^ 1 '.S 4:, ^ xi- • ^ t # li: (VI) t )^ 
# 6<; ftg <^ 2 ^ 24 >b B# " 



I 
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taa3^#2?^ ( CNS ) A4*L;^ ( 210X297^^* ) 
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